SUMMARY Pain thresholds to a pinch stimulus were measured at eight sites on the dorsum of both feet from 17 diabetic patients. Sixteen feet had neuropathic ulcers and seven had Charcot arthropathy. Vibration perception thresholds, radial nerve action potentials, muscle action potentials of flexor digitorum brevis, autonomic cardiovascular reflexes and reflex sweat output were also measured. Pinch pain threshold was abnormal in 15 diabetic feet, 11 having one or more insensitive sites. There was a greater variability in threshold between sites tested in diabetic than control subjects.
Foot lesions are a major cause of morbidity in diabetics. Various types of disorder may occur: ischaemic lesions due to large vessel disease, Charot arthropathy and neuropathic ulceration. In the latter two conditions sensory neuropathy is thought to be a major aetiological factor, although the contributory importance of muscle weakness, autonomic denervation, small vessel angiopathy, glycosylation of tissue proteins and poor response to infection is increasingly recognised.1
In many types of peripheral neuropathy large diameter nerve fibres are predominantly affected. However, in diabetic neuropathy small diameter fibres are particularly liable to be involved, that is, those subserving temperature, autonomic function and pain appreciation. pain was felt. The peak force was held on the dial and read. The standard procedure was to pinch the skin on the dorsum of the foot at eight separate points. To avoid tissue damage the maximum force applied to the forceps was 2 7 kg. The mean value and standard deviation were calculated and the number of insensitive points recorded.
Vibration sensation Vibration sensation threshold was measured in all feet with a Bio-thesiometer (Ohio Instrument Co) by gradually increasing the amplitude from zero at a constant rate. The subject reported when vibration was first felt. Control data from 44 healthy subjects, aged 40-79 (mean 54 + 7 9 years), was used for comparison.7 Electrophysiology The peak to peak amplitude of the sensory nerve action potential, recorded orthodromically through surface electrodes from the superficial radial nerve, was measured in 15 of the 17 diabetics. Control values were obtained from 24 subjects of similar age.
The evoked muscle action potential was recorded from flexor hallucis brevis on the sole of 22 diabetic feet following stimulation of the posterior tibial nerve at the ankle. The amplitude of the negative deflection above the base line was measured and compared with values for 17 control feet. Temperature on the foot was always at least 29°C.
Autonomic function Two tests of cardiovascular autonomic function (heart rate response to Valsalva manoeuvre and to a single deep breath) were carried out on 14 diabetics (related to 28 feet). For the Valsalva ratio a value of less then 1 2 was taken as abnormal and for the deep breath an expiratory-inspiratory difference of less than 10 beats/min was considered abnormal.8 For statistical comparison data from 30 healthy subjects, aged 40-70 (mean 54 7.5 years), were used.
Quesne, Fowler
The volume of sweat produced by axon reflex stimulation following electrophoresis of acetylcholine9 10 was measured in 19 feet.
Results
In the control subjects mean pinch pain threshold was 0-84 kg (SD: (fig 1) . No insensitive points were found. There was no correlation between age and pain threshold (correlation coefficient r = 0 04 p > 0-05). To assess the variability in threshold at different sites the standard deviation of the individual observations was calculated for each subject. The mean value was 0 21 kg (SD: 0-1 1).
The mean pinch pain threshold for the diabetic subjects was significantly higher (1 22 kg; SD: 047) than for control subjects (p < 0001). Fifteen feet were abnormal; in four mean threshold was raised although all points were sensitive. In 11 feet there were one or more insensitive points, all points being insensitive in one subject. In seven with insensitive points, mean threshold for the other points was raised, whereas in three it was within the control range. Thresholds in the different groups of diabetics are shown in fig 1. There was more variation in pain threshold for the different sensitive points on the foot in the diabetics (mean standard deviation 0-37 kg; SD: 0-21) than in the control feet (0 21 kg; SD: 0 I 1) (p < 0 001). The findings in one patient with a typical neuropathic ulcer are shown in fig 2. There was a marked variation in threshold at different sites; two were insensitive and one had an abnormally low threshold. When pinched at two other sites, pain was felt over an area remote from the pinch. This latter observation was also noted in three other diabetic feet. One of these, with arthropathy, had only one sensitive point which, when pinched, produced a long persistent sting 3 cm away. In another two feet, a burning or more severe persistent pain, rather than the usual brief sharp prick, occurred on pinching one point.
In the ulcer group, the mean threshold was the same in those with active ulcers (1 1 kg) and those with healed ulcers (11 kg). There was a higher incidence of insensitive points in feet with arthropathy (four of seven feeL) than with an ulcer (three of 16 feet).
Vibration perception threshold was within the control range in six diabetic feet (two with no ulcer or arthropathy, four with an ulcer, but none with arthropathy). There was a highly significant difference in vibration threshold between control subjects (14-8 + 6 70 Bio-thesiometer units) and diabetics (41 4 + 1641 units) (p < 0001) but not significant differences between the various diabetic groups (table). The amplitude of the radial nerve action potential was significantly smaller in the diabetics than in control subjects (p < 0.001) but there was no difference between the different diabetic groups. The radial nerve action potential was abnormal in 14 of the 16 subjects tested. Likewise, the amplitude of the muscle response from flexor hallucis was significantly smaller in the diabetics compared with controls (p < 0-001).
Amplitude was below the lower range -of normal in all except one of the 22 feet examined.
One or both cardiovascular reflexes were abnormal in all diabetics except one with bilateral ulcers, but there were no significant differences between the different diabetic groups (table 
